INTRODUCTION
Of epidemics of rubella in recent years in Japan, the one that occurred in [1964] [1965] in Okinawa Islands, the southernmost part of this country, was most prominent (Veda et al., 1967) . Thereafter, sporadic outbreaks of rubella have been noticed among children and young adults in various part of the main islands of Japan during the years from 1965 to 1969 (Shishido and Ohtawara , 1971) . In 1970, a nation-wide surveillance system for rubella epidemic was established under the auspices of the Ministry of Health and Welfare (MHW) of Japanese Government, and since then annual serological surveillance for prediction of epidemic has been carried out on a limited population at various selected areas throughout the whole country (Rubella Virus Vaccine Research Commission , 1972) . These serological surveys predicted that an epidemic following 1965-1969 might occur around the year 1975 (Hirayama, 1974; Ministry of Health and Welfare, 1976) . Indeed, as it was alarmed, a nation-wide epidemic, the most extensive one experienced in this country in recent years, occurred through the three-year period of [1975] [1976] [1977] . Concerning this epidemic , many papers have already been published by many Japanese scientists including ourselves .
The present review is to give a general view on this epidemic from epidemiological, clinical and etiological standpoints, by summarizing various data that have already been reported. [1975] [1976] [1977] Number o f reported cases
General Features o f Rubella Epidemic in
The start of the epidemic of rubella was first recognized at the beginning of April, 1975 . The disease prevailed mostly in the northeastern part of Japan until the end of July. Until that time, rubella had not been in the list of communi cable diseases specified by the Infectious Disease Prevention Law , and physicians had not been obligated to notify of its occurrence to national or local health authorities. Only at the time when an outbreak occurred in a school , the educa tion board of school received notification on it from the school authority . Thus, as the epidemic in 1975 was expected to spread widely through the country , the authorities of Communicable Disease Control Section , Public Health Bureau, MHW, decided to collect data of rubella cases of all ages in the epidemic through local health authorities for control of the disease . Since then, physicians were tentatively obligated to notify any cases of rubella to local health authorities mostly through the education board of schools.
From April through July, 1975, 54,395 cases of rubella were actually reported . The successive rubella outbreak started from the beginning of February , 1976, and lasted until the end of the year, although the monthly incidences decreased after August. This year, the disease prevailed in the whole country , and the total number of the reported cases amounted to such a tremendous score of 1 ,561,214. I n the following year, the outbreak restarted at the beginning of January and lasted until the end of September, 1977 . The total number of the cases in this year climbed up to 520,084. Thus the epidemic of rubella in 1975 through 1977 was the largest one ever reported in the medical literatures of this country (Table I) . Seasonal and geographic patterns Seasonal patterns of the rubella incidences during the epidemic are shown in Fig. 1 . In general, the yearly patterns were similar; the number of reported cases began to rise early in winter, reached a peak in March, April and May, and fell in late summer and autumn.
The figure also shows that the epidemic began (Table II) . This did not mean that the epidemic continued in 1978 in these districts, because, as shown in Table I , the incidences of rubella in the year of 1978 became a very few in the whole country including these districts, indicating that the nation-wide epidemic was completely over at the end of 1977.
Age distribution of reported cases The age distribution of reported cases of rubella in 1975-77 is shown in Table III . The reported cases were mostly classified by the school ages of the patients, as most of them were reported through the school authorities. They were as follows: the children at nursery school or kindergarten were classified into under 6 years (<6), the children at the 1st to 3rd grades of elementary school were 6-8 year-old, those at the 4th to 6th grades were 9-11 year-old, boys or girls at middle school were 12-14 year-old, those at high school were 15-17 year-old, and school-graduates, young and adult persons including house-wives were over 17 year-old (>17). The subjects of unknown school age were classified as unknown.
Among reported cases in 1976, about 440,000 cases from Tokyo metropolitan area (see Table II ) were excluded from the data, only because these subjects bore improper descriptions of school age on individual datum.
In general, most reported cases were from 6-8 and 9-11 age groups as shown in Table III . However, the percentage distribution of age groups by year were somewhat different one another through the epidemic. In 1975, approximately 70% of reported cases occurred in the above-mentioned two groups and cumula- Diagnosis of rubella The clinical diagnosis of rubella is not always easy even in an epidemic period. Triad of the rubella syndrome are rash, lymphadenopathy and mild fever. However, the rash, which commonly lasts 2 or 3 days, may not appear at all, may be minimal and evanescent or rare, or may persist longer than 3 days. Measles, scarlet fever, infectious mononucleosis and toxic erythematous rashes are commonly confused with rubella. As to lymphadenopathy, enlargement of the posterior cervical lymph nodes is characteristic, and involvement of the suboccipital nodes is very common but not uniformly present. While the maximum temperature is usually under 39 C, in severe cases the temperature may reach 39C. Most reported cases during the present epidemic were diagnosed on such clinical symptoms by physicians, but in some hospitals, serological diagnosis by the specific hemagglutination-inhibition (HI) test for rubella was employed. During this epidemic, Sudo (1978) attempted HI tests to diagnose suspected 1,096 cases with rash as rubella at his clinic. In his test, only a fourfold or greater rise in antibody titer in pair samples was classified as recent rubella infection, but stable or falling titer in them was regarded as past rubella infection at some undetermined times. Thus the cases were divided into serologically negative, undetermined (stable or falling) and positive (fourfold or greater rise). According to his data (Table IV) , in 3-17 and over 17 age groups, 78-97% and 60% of the clinically suspected cases were diagnosed as rubella, respectively, but in 0-2 age group, only 41.5% of the cases with rash were diagnosed as rubella.
From these results, the reported cases diagnosed on the basis of their clinical (Sudo, 1978) symptoms were mostly genuine rubella, because cases occurred mostly in 6-17 age groups as indicated in Table III .
Complications Rubella in childhood is rarely followed by complications. Secondary bacterial infections, which are so common in measles, are not encountered in rubella. How ever, among a large number of patients in the epidemic, a few cases with some complications such as arthritis, purpura and involvements of central nervous system were noticed. Among these complications, involvement of central nervous system (CNS) is most serious, though such is extremely rare. Encephalitis is less commonly encountered in rubella than in measles. The incidence rate usually cited is 1:6,000 cases of rubella (Krugman and Ward, 1968) . The clinical manifestations are similar to those observed in other types of post-infection encephalitis. In the present epidemic, Minamitani (1978) described the general clinical features of 213 cases with complication in CNS abstracted from about 760 thousands rubella cases reported in prefectures of Tokyo, Kanagawa, Saitama, Akita, Miyagi and Hyogo in 1975 and . As shown in Table V , encephalitis or encephalopathy was more common than meningitis. No significant sex difference was observed in frequency of the incidences. Sixteen deaths (8.3%) occurred among these cases. The incidence of encephalomeningitis (encephalitis, encephalopathy and meningitis) among the whole reported cases was calculated to be 2.8 per 10,000 cases. Kimura (1977) also reported the incidence of encephalomeningitis and its age distribution among the rubella cases reported in Tokyo and Saitama prefectures during the epidemic of 1975-76. As shown in Table VI , 121 cases occurred among 960 thousands reported cases during that time. Incidence rates varied from 0.75 to 1.83 in different age groups, and 1.26 per 10,000 cases on the average. It seemed that CNS involvement occurred more frequently with increas ing ages.
In other complications, incidence of purpura occurred less frequently than those of encephalo-meningitis (Kimura, 1977; Minamitani, 1978) . Case incidence (Minamitani, 1978) (Kimura, 1977) rates ranged from 0.52 to 1.07 (Tables V and VI) . These findings mentioned above disclosed that the incidence rates of both complications involving CNS or purpura or both in the present epidemic were almost similar as those cited before (Krugman and Ward, 1968) .
Seroepidemiologic Observations
Serological surveillance for sero-negative rate against rubella in general popula tion before the epidemic Since a significant proportion of rubella infection are subclinical, serological data help to further delineate the epidemiology of this disease.
As described at the beginning of this presentation, a nation-wide surveillance program for rubella epidemic was established in 1970. Since then, according to this program, the annual serological surveys for sero-negative rates of hemagglutination-inhibition (HI) antibody to rubella virus have been conducted on general population in various selected areas. Before the epidemic, the following serologi cal patterns were observed from the surveillance program (Ministry of Health and and Welfare, 1976 From 1970 to 1973, the age groups of postpubescent female including pregnant women were mostly subjected to the surveillance. Results on about 3,000-4,000 serum samples taken in 12-16 prefectures in each year indicated that seronegative rates of HI antibody to rubella in these age groups increased yearly (Table VII) .
In 1974, the subjects of annual surveillance were expanded to all age groups. The detailed results of the survey in this year are shown in Table VIII . The sero-negative rates of HI antibody in the total 4,488 subjects from different age , 1979) groups reached 32.1 % on the average, and the rates of eight age-groups were 92.3% in 0-4 year old, 98.6% in 5-9 year-old, 62.7% in 10-14 year-old , 39.8% in 15-19 year-old, 20.1% in 20-24 year-old, 12.7% in 25-29 year-old , 14.8% in 30-39 year-old, and 3.5% in over 40 year-old . From these results showing an increasing tendency of sero-negative rates of rubella antibody in the general population, especially in younger age groups, we predicted that an epidemic of rubella would occur in the near future . Actually, as was mnetioned above, the nation-wide epidemic of this disease did break out at the beginning of April , 1975, and lasted until the end of August, 1977.
Influence o f the nation-wide epidemic o f rubella on the serological patterns in general population The annual serological surveys were conducted successively during the epidemic of 1975-1977. We were interested in the changes of serological patterns in the general population, because it was expected that such an increasing tendency of sero-negative rates of rubella antibody in the general population as shown in the pre-epidemic years would be discontinued by the attack of the epidemic.
Rubella HI antibody titers and sero-negative rates in various age groups in 1977 are shown in Table IX . The survey was conducted from July to September , 1977 when the epidemic was completely over (Ministry of Health and Welfare , 1979) .
As the table shows, the average sera-negative rates of HI antibody of the total 4,880 subjects in the different age groups was 36.2%, almost unchanged from the value obtained in 1974, but those of age groups younger than 15 year-old were calculated to be 65.9% in 0-4 year-old, 42.9% in 5-9 year-old, and 36.4% in 10-14 year-old, each of which was significantly smaller than that observed in 1974. On the contrary, sero-negative rates of the remaining older age groups remained similar as those of 1974, estimating at 51.9%, 30.8%, 18.9% 3.6% and 2.1% in 15-19, 20-24, 25-29, 30-39 and over 40 year-old, respectively. The decreasing tendency of the sero-negative rates in younger age groups indicated that the disease attacked mostly such young populations as under 15 year-old during the epidemic. It was also indicated that such a nation-wide epidemic of rubella in the younger population exerted little influence on seronegative rates in HI antibody in general population of older age groups. It was presumed that spread of rubella virus among human beings needs more close contact than that of measles or other communicable diseases of paramyxoviral etiology.
Surveillance of Congenital Rubella Syndrome (CRS) in the Epidemic
Reported cases of congenital rubella syndrome Prior to the present epidemic, neither rubella nor congenital rubella syndrome (CRS) was officially placed on the list of notifiable diseases in this country. During this epidemic, rubella cases were tentatively regarded by the authorities of Ministry of Health and Welfare as a notifiable disease to be reported to local health authorities, but no official measure was taken in reporting the case of CRS. Therefore, we had many difficulties to obtain sufficient information for the surveillance of CRS during and after the epidemics. However, morbidity data of CRS during the epidemic were obtained in collaboration with clinics of many medical schools and public and private hospitals located in various areas throughout the country. The Research Commission of Vaccine Immunization (Chairman: Dr. M. Yamaguchi) tried to collect these morbidity data of individual cases of CRS by sending these clinics standardized report farms for CRS which included identifying information, sufficient laboratory and clinical data to substantiate the diagnosis, and maternal rubella history. Until the end of March, 1978, 39 cases of CRS were reported to the commission. Among them, 33 were diagnosed as definite cases, but the remaining 6 were as probable (Research Commission of Vaccine Immunization, 1978) .
Frequency of CRS cases in comparison with incidences of reported rubella
The number of CRS cases reported in the present epidemic seemed to be a very few in comparison with the large number of reported cases of rubella. In the epidemic of rubella from 1964 to 1965 in U.S.A., the incidences of CRS were roughly estimated at 20,000 in 12,500,000 reported cases of rubella (National Communicable Disease Center, 1969) . Thereafter CRS became a nationally reportable disease along with rubella in 1966 in that country, and since then CRS cases as well as rubella have been reported to the National Morbidity Reporting System by number. However, routine reporting of CRS proved to be inadequate, therefore in 1969 the Center for Disease Control (CDC) established the National Registry for CRS, to which detailed reports of all cases of CRS were to be submitted (Center for Disease Control, 1970) . Since establishing the registry in CDC, the CRS reported cases were added to the registry listing only when they were appropriate both from the retrospective survey and the continuing surveillance. The numbers of incidences of CRS with rubella reported cases in the past 10 years in the U.S.A. are shown in the upper column of Table IX (Center for  Disease Control, 1976) . As indicated in the table, frequency of CRS cases in comparison with reported cases of rubella was found to vary from 12 to 43 per 10,000 rubella cases, although reports in both CRS and rubella were limited by marked variability in completeness and diagnostic accuracy (Center for Disease Control, 1973) .
Prior to the present epidemic of 1975-77, the surveys of incidences of CRS were conducted twice in this country. The first retrospective surveillance was carried out by a study team of Japanese scientists for CRS on the Okinawa Islands, where an epidemic of rubella occurred in 1965 -66 (Veda et al., 1967 Hirayama et al., 1969) . In this survey, 384 cases of CRS were finally confirmed, though the numbers of rubella cases at the epidemic were not reported officially.
The second survey was conducted by the Commission for Control of CRS (Chairman: Dr. M. Kimura) under the auspices of the Ministry of Health and Welfare (Rubella Virus Vaccine Research Commission, 1971) , when a nation-wide epidemic of rubella of 1966-69 had been over. The surveillance was carried out retrospectively in 1970 by sending the inquiry cards for occurrence of CRS to about 1,000 public and private hospitals scattered in various areas throughout the country. Through this surveillance, 49 cases of CRS were disclosed to have occurred in the epidemic of 1966-69 Ohtawara, 1971, 1976) . In the epidemic, the number of the total reported cases of rubella were unknown, but roughly estimated at over 500,000. Frequency of CRS cases in comparison with incidences of reported rubella is shown in the lower column of Table X . As indi cated in the table, frequency of CRS cases in this country except Okinawa Islands seemed to be much lower than that in U.S.A. For the reason of such a low incidence of CRS in Japan, the presence of the antibody to rubella virus in majority of women at childbearing age was considered most likely. Secondly, it was considered that the potential hazards of rubella infection shortly before or during pregnancy has been widely recognized by physians and public in the country, especially at the recent epidemic. This means that therapeutic intervention on the cases of pregnant women were treated more frequently at the epidemic than usual on the basis of a threat to mothers' mental health of teratogenic effect of rubella infec tion. Thirdly, a possibility that the teratogenicity of the causative rubella virus differs from one epidemic to another may not be excluded (Kono, 1969; Shishido and Ohtawara, 1976) .
Protective Effect o f Rubella Vaccination in the Epidemic
Rubella vaccination program and the epidemic In 1969, the Japan Rubella Vaccine Research Commission (RVRC) was organized with a number of investigators headed by the author (A.S.), and the Commission undertook development of Japan-made rubella vaccine in coopera tion with several laboratories for vaccine production in Japan (Shishido and Ohtawara, 1976) . The four live attenuated rubella vaccines were licensed in the autumn of 1975 by the authorities of MHW. Following the licensing of the vaccine in 1975, the immunization program of the rubella vaccine was discussed in Advisory Committee on Immunization Practices (Chairman: Dr. S. Someya) by consulting the subcommittee of Rubella Vaccine (Chairman: Dr. A. Shishido), and finally it was decided that 12-14 year-old girls should be subjected to the compulsory immunization program by the law against rubella infection, because preventing infection of the fetus is the principal objective of rubella control, and women are to receive immunization of rubella vaccine before the childbearing year.
The program was actually put in action from the beginning of 1977, but the effectiveness of vaccination by the program was not proved as yet.
Effect of rubella vaccine in the surveillance system during the epidemic
We established in 1973 a long-term surveillance system using a computer system for follow-up study on the protective effects of rubella vaccination. The system was almost the same as that for measles vaccination established in 1971 (Shishido et al., 1978) . In the system, subjects for follow-up study were selected (Sakata et al., 1977; Shishido et al., 1979) TABLE XII Rubella incidence rates of vaccinated children by the year (Shishido et al., 1979) from the children, 3-6 years of age, who had been immunized with rubella vac cines by various methods in several field trials carried out by RVRC since 1971 (RVRC, 1971 (RVRC, , 1972 (RVRC, , 1973 . The subjects were divided into two groups, namely monovalent and polyvalent ones according to the method of vaccination. The polyvalent vaccination included divalent one of rubella and measles and trivalent one of rubella, measles, and mumps (Sakata et al., 1977) . The survey methods and the processing of the follow-up survey were described elsewhere (Shishido et al., 1978) .
The annual incidence rates of rubella among the subjects from 1971 through 1977 are shown in Table XI . As shown in the table, one case had been reported among vaccines of two groups until the epidemic broke out in 1975, and even after the epidemic started only four and three cases were reported among 1,034 monovalent and 1,003 polyvalent vaccine groups, respectively . On the contrary, 608 cases of rubella were reported from 2,047 unvaccinated individuals of corresponded age group (control) in the epidemic year of 1976 . From this result, the protective rate of vaccination was calculated at over 95% during the epidemic. In the survey, the incidence rates of rubella among the vaccinated children by the year were also calculated. As shown in Table XII , a few children were reinfected after vaccination, but in general the vaccine-induced immunity seemed to be durable for at least 6 years after vaccination (Shishido et al ., 1979) .
CONCLUDING REMARKS
The three-year epidemic detailed here was not distinguishable epidemiologically, virologically or clinically from an ordinary one except the involvement of the largest number of people in the medical literatures in Japan . The majority of the patients were children of around school age . Epidemic of this size and duration had been predicted and publicly warned by us on the basis of the nationwide serological surveillance.
Fortunately, the frequency of occurrence and severity of complications were unchanged from those experienced in an ordinary epidemic . Reported CRS cases appear to be less frequent compared with to the other epidemics such as that observed in the U.S.A. or in Okinawa Islands of this country , the reason of which may be twofold. The one, which is most likely , is the presence of antibody to rubella virus in majority of women at childbearing age , and the other is occasional intervention of pregnancy as preventive measure .
The sero-epidemiological survey revealed that the conversion from negative to positive antibody possession, i.e. the viral infection , was more dominant in the age group under 15 than the older population . From the fact that those people were under compulsory education in this country , and therefore had a lot of chance of close-contact, it may be inferred that the transmission of this virus requires a closer contact than that in measles virus .
Although an effectiveness of vaccination was thus confirmed against rubella epidemic, it remains to be resolved if effectiveness of vaccination at 12-14 yearold girls by the compulsory immunization program , which was put in action in this country, will be established in controlling the occurrence of CRS .
